
Tera-Z with FCC-ee : a b/c/τ physics factory for our future

~

• Tera-Z program will produce 2 × 1012 Z bosons per IP  
• L ~ 180 × 1034 cm-2 s-1 on Z resonance
• 87 ab-1 per year per IP

• Z → bb/cc/ττ : unprecedented laboratory for flavor physics 
• b quark ID feasible with lifetime measurements for bs with E~mZ/2
• All flavors of b mesons and baryons can be produced

• Natural extension of inspiring physics programs at LHCb + Belle II:
• Realize new measurements not feasible at LHCb + Belle and
• Confront most interesting results with 10× more events and next 

generation detectors

• Combine best attributes of LHCb and Belle:
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MVA

Use of the MVA to perform the

selection (cut at 0.5 on the BDT

output).

A pure signal sample is obtained

on to the signal window.
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Some examples of b/c/τ physics reach at Tera-Z 
Some examples of Tera-Z b/c/𝛕 physics reach

2

Tera-Z has unique sensitivity to rare decays involving 
third generation fermion couplings.  Sensitivity to SM 
prediction, with O(102) reconstructed events.

SM BR’s less than a few 10-9 make these clean 
decays powerful probes of BSM.  Exquisite state-of 
the-art tracking performance allows to cleanly 
separate 

Unprecedented tests of flavour universality using 
𝛕 pair production.

● precision studies of
● first measurement of  

● beyond observation: B
C
  O(109 mesons), 

unique test of flavour universality via

● CP studies with neutral b mesons

● CP-violation in B mixing at  SM 
prediction can potentially be achieved

● Direct access to CKM elements |Vcs| 
and  |Vcb|  with several 10^8 W 
decays (on-shell and boosted). 

B0 →K*(892) τ+3π  τ-3π

Rare (semi-)leptonic b-hadron decays are powerful probes of potential flavor dynamics beyond the SM

Tera-Z + next generation detectors = unique sensitivity to rare decays with 3rd generation fermion couplings

Measurement of b→s τ+ τ- 

arXiv:1705.11106

Miralles

• b→s ℓ+ ℓ- are critical probes of lepton universality
• 3rd generation could be especially important

• SM prediction :  BR(B0 →K*τ+ τ- ) ~ 10-7 

• Belle II expected : BR(B0 →K*τ+ τ- ) < 10-5

Precise measurement of B→μ+μ-

• Tracking resolution  → separation from Bs→μ+μ-

• Particle ID → suppress B0→π+π-

• Flavor tagging → potential to measure CP asymmetries in Bs→μ+μ-

Assume secondary vertex resolution = 3 μm

J.Hirschauer & S.Eno

https://arxiv.org/pdf/1705.11106.pdf
https://indico.cern.ch/event/1176398/contributions/5207215/attachments/2582368/4454501/Talk_FCC_Krakow.pdf


NZ(◊1012) N(B+
c

æ ·
+

‹· ) Relative ‡ (%)
0.5 430 ± 33 7.8
1 858 ± 46 5.5
2 1717 ± 64 3.8
3 2578 ± 83 3.2
4 3436 ± 93 2.7
5 4295 ± 103 2.4

Table 1: Estimated signal yields as a function of NZ , where the uncertainties quoted are statistical only.
The yield central values are determined from the cut optimisation procedure, and the uncertainties from
pseudoexperiment fits.
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Figure 7: Relative precision on the signal yield as a function of NZ . The signal yields at each NZ value are
taken from the cut optimisation procedure, and the statistical uncertainties are measured in pseudoexperiment
fits. Di�erent levels of systematic uncertainty relative to the statistical uncertainty are also shown.

background are from random combinations of three muons (expected to be small at a FCC-ee) and
contributions from B

+
c

æ J/Âµ
+

‹µX decays where X is not considered in the invariant mass sum.
The latter contribution, from decays such as B

+
c

æ (Â(2S) æ J/Âfi
+

fi
≠)µ+

‹µ, can be reduced
using isolation requirement, where all other charged particles and neutrals in the signal hemisphere
must be inconsistent with originating from the 3µ vertex.
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can be measured. Assuming SM amplitudes in the normalisation decay, the ratio Rc is highly sensi-
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Test lepton universality in τ decays
arXiv:2105.13330

• Precise τ measurements provide test of lepton universality
• lifetime measurements with 10-4 precision (0.04 fs)
• leptonic BF measurements with 2×10-4 precision 

Measurement of BC+ → τ+ ν

• Theoretically clean and independent probe of b → c τ+ ν coupling 
present in anomalous B → D(*)τ+ν results

• BC→τν inaccessible at b-factories and very challenging at hadron 
colliders

Clean environment, state-of-the-art detectors, and immense datasets allow precise studies with tau leptons

Many more examples in FCC Snowmass Summary : https://arxiv.org/pdf/2203.06520.pdf

More examples of b/c/τ physics reach at Tera-Z 

• Excellent detectors required for tau reconstruction

J.Hirschauer & S.Eno

https://arxiv.org/pdf/2105.13330.pdf
https://arxiv.org/pdf/2203.06520.pdf

